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ABSTRACT
A preliminary investigation has been made involving
syntheses with dicarboalkoxycarbenes for the purpose of
developing new heterocyclic and alicyclic syntheses
employing functionalized carbenes.

The ultimate goals

were the development of a stereospecific synthesis of
trans fused and angularly substituted ring systems
suitable for conversion to natural products and the
development of useful synthetic paths to the azabullvalene system.
Although these ultimate goals were not realized,
new and improved syntheses of alkyl substituted

anisoles

and diazomalonic esters, including the first reported
synthesis of di-tert-butyl-diazomalonate were accomplished.
The addition of dicarboalkoxycarbenes to di-, triand tetra- substituted ethylenes, tropilidene and 7aza-tropilidenes by thermolysis and photolysis has led
to the first reported addition of a substituted ·carbene
to tropilidene and the isolation of a substituted 3,4homotropilidene.
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INTRODUCTION

.
I nterest ~n

.

sesqu~terpenes

1,

.

terpeno~ds,

an d related

natural products, as well as some nitrogen analogs of a
group of hypothetical, unsaturated, tricyclic hydrocarbons
known as bullvalenes 2 (I) and semibullvalenes 2 (II), led
to the investigation of possible intermediates for syntheses
of these systems.

(I) bullvalene

(II) semibullvalene

tricycle [3,3,2,04,6]
deca-2,7,9-triene

tricyclo [3,3,0,02,8]
octa-3,6-diene

Formally, bullvalenes and semibullvalenes are 3,4homotropilidenes2 (III) with a bridge between atoms 4 and 8.
2

3

8
6

5

(III) 3,4-homotropilidene
An obvious approach to the desired homotropilidenes
is the homologation. of suitable ?-substituted tropilidenes.
Such a homologation can be accomplished with great ease by
employing the addition of carbenes to olefins.

Unfortunately,

the desired olefin is polyfunctional and addition would appear

2

to be preferred at the 2,3-double bond for electronic and
statistical reasons.

It was hoped that a suitable choice

of substituents at the seven position might favorably alter
the situation.

The reagents of choice are dicarboalkoxy-

and dicyanocarbenes.
The adducts of these carbenes with suitable substituted
olefins might also furnish potential Michael acceptors 3 .
Of interest in this role is the fact that the Michael
reactions should proceed stereospecifically to furnish
3

trans-substituted products .

Such compounds should prove

of considerable utility for syntheses in the natural product
field.
The choice of a dicarboalkoxy carbene of the following
type,

:C(C0 2 R) 2

,

where R =Me, tert-butyl, as the carbenoid

reagent, was based on several considerations.

First, the

inclusion of hydrogens of the same equivalency, and the
presence of adjacent spin-free nuclei, will help simplify
the n.m.r. spectra of the resulting adducts.

Secondly,

the addition products should possess some degree of stability
and, because of entropy considerations,would be solid compounds.

This would make their separation and purification

eas~er.

Thirdly, these carbenes, because of symmetry, are

free from stereoisomer problems.

Fourth, the carboalkoxy

group can most readily be utilized in later reaction
sequences.

Finally, the carbenoid precursors offer a

minimal hazard in

~andling

due to explosivity.

3

With this in mind, it became of interest to synthesize
7,7-dicarboalkoxy and 7,7-dicyano norcaranes (IV), norcar-2ones (V) and norcar-3-ones (VI), as well as the homotropilidenes.
X
X

0

(IV)

( R I 'R II= H' CH 3 )

(V)

(VI)

4

STATEMENT OF PROBLEM AND PLANNED SOLUTION
The work described below was undertaken for the purpose
of developing new heterocyclic and alicyclic syntheses
employing functionalized carbenes.

The carbenes, dicarbo-

methoxycarbene and dicyanocarbene were selected for these
investigations because of the synthetic potential of the
desired products.

,By employing suitable substrates it

would appear to be possible to generate compounds of
synthetic pharmaceutical and theoretical importance.
The final synthetic goals were the development of a
stereospecific synthesis of trans fused and angularly substituted ring systems suitable for conversion to terpenes
and terpenoid natural products and the development of useful
synthetic paths to the azabullvalene system.
The most obvious approach was direct addition of the
carbenes to suitable cyclohexenes and cyclohexenones to
give compounds that could be used as intermediates in the
syntheses of natural products and addition to suitable
7-substituted tropilidenes across the 3,4-position to
give 3,4-homotropilidenes which could be used as intermediates in the syntheses of aza and semiazabullvalenes.
Cyclohexene, 1-methylcyclohexene, 1,2-dimethylcyclohexene,
and alkyl substituted cyclohexenones were chosen as the
most likely substrates to give natural product intermediates
when treated with dicarboalkoxycarbenes.

....

~

5

The cyclohexenones were to be prepared by a Birch
reduction of corresponding anisoles which could easily be
prepared from the commercially readily available phenols
[Eq. 15].

OMe

OH
Dioxane, H2 0
(1) NaOH

R

R3

l
R2

(R,Rl,2,3,4=H,Me,Et,i-Pr,t-Bu)
0

.J:

CTJ
r+

0
':I:

R4

R

e
r~.

'
~
2:.

w

,.....

>-

+
R3

Rl

Rl
R2

12)

+

0

R

e

R2

The reaction of these cyclohexenones and the cyclohexenes
with dicarbomethoxycarbene would give the adducts to be
used as a source of natural products [Eq. 16 and 17].

or hu

(R,Rl=H,Me)

(16)

6

0

'

.

0

R

R4

R4

+ N2 C(C02Me)2

or

R3

1

R2

cu+ 2 ,6

R3
R2

(17)

The 3,4-homotropilidenes were to be synthesized according
to [Eq. 18].

H

Cu+ 2 ,6.

or hu

-N
I

(18)
where -N~ is present as a phtha1imide, succinimide, or
isopropyl or tert-buty1 carbamate moiety.
The norcaranes were intended for employment as
Michael acceptors in the sequence Qf reactions outlined
in Chart I.

7

CHART I
X

Rz
Rl

/

Rz
Rl

X

H2CCC02CH3)2

X

CH

'Y

K"-oBu Y

CH(C0 2 CH 3 ) 2
,......._

,......._

!:U

X

0'1
u

II

!:U
en

0
0

II

N

::r:
.........

::r:
w

(")

.........

LiCl
DMF

Na

R3
Rz
OH

t:::!
......

Rl

ro
0

~

::1

C0 2 CH 3
C0 2 CH3

PI

::l
::l

l
R'+
Rz
Rl

(Rl ,Rz =

g:J

' ~:J ' ~:J '

H, alkyl, R3,'+,5,6 = H or alkyl)

(R3,R4 =

~ ' ~:J ' ~:J '

H, alkyl, R1,2,s,6 = H or alkyl)

(X= C02CH3, CN, C0 2 BuY)

8

HISTORICAL AND LITERARY REVIEW
A.

Carboalkoxycarbenes
Only diazo esters have so far been utilized as carbo-

alkoxycarbene precursors.

Attempts to achieve a-elimination

of hydrogen halides from a-halo esters result in condensation reactions of the intermediate carbanions rather than
elimination of a halide ion 4 .
Diazo compounds can be decomposed by photolysis.

When

this method is employed, the decomposition is sensitive
toward solvent and the wavelength of the light 5 •
Diazo compounds may also be decomposed by pyrolysis.
However, the presence of catatysts, e.g., finely divided
copper, or anhydrous copper salts, greatly facilitate the
pyrolysis by lowering the temperature necessary for de. . 6
compos~t~on •
The reactivity of carboalkoxycarbenes is also affected
by the presence of catalysts.

Those made by copper catalyzed

decomposition of diazo esters normally do not insert into
carbon-hydrogen bonds, whereas those decomposed by photolysis
4
are more likely to have sufficient energy to do so •
Diazo esters react with olefins by two distinct re4

action paths to produce cyclopropanes •

The diazo compound

may lose nitrogen in the first step to give a carbene intermediate which adds to the olefin [Eq. la) 4 •

Alternatively,

the diazo compound itself may add to the olefin with formation of a pyrazoline which, on thermal decomposition,

9

gives r~se to the same cyclopropane [Eq. lb] 4 •

I

~

(1)

.
.
d.
7 are most
P yrazo 1 ~ne
~nterme ~ates

.

l~kely

.
to occur ~n
thermal

reactions of diazo esters with polar bonds (a,S -unsaturated
ketones, esters, and nitriles) or with highly strained olefins.
The decomposition of ethyl diazoacetate in the presence
of benzene is one of the oldest carbene reactions known.
After a first report by Buchner and Curtius in 1885 8 , a
norcaradiene

structure was assigned to the product in

Investigation of this compound was impeded by its
facile isomerization (under the conditions of formation and
saponification) to various cycloheptatrienecarboxylic
acids, designated

a-o.

It was not until (1956), that

Doering et.a1. 10 , by the use of n.m.r., proved that none

..

of the Buchner acids were associated with a norcaradiene
structure
In 1963 Korte, Buchel and Wiese 11 reported the
addition of carboethoxycarbene to tropilidene and obtained

10

bicycle

~,1,0]

octadiene (VII)

(two stereoisomers).

Diels-

Alder reactions established the 1,3-diene system of (VII),
[Eq. 2].

o-C02E+

Cu

(2)

(VII)

When two isomers can be formed, the less crowded arrangement of substituents is to be preferred.

The ratio of the

two isomers, however, depends on the carbene precursors.
Discrimination in favor of the less hindered product is
more pronounced with carboethoxycarbene produced by copper
or cupric sulfate catalysis than with carboethoxycarbene
12
generated by photolysis [Eq. 3]
.
H

0

(3)

exo-

endo-

hu

31%

16%

Cu

69%

4%

Addition of carboethoxycarbene to the double bond of
sabinene (VIII) has been reported to involve isomeration
of the cyclopropane structure [Eq.

4] 13 •

11

C0 2 Et

>
(4)

(VIII)

The addition of carboethoxycarbene to cis-and trans2-butene was shown to proceed sterospecifically cis [Eq. 5] 14 .
The same result was obtained with cis-and trans-4-octene
an d

'lb ene 15 •

st~

hu

H3~H 3

~

C0 2 Et
28%

B.

11%

( 5)

Dicarboalkoxycarbenes
Before 1964, diethyl and dimethyl diazomalonate had
'

been prepared by diazotization of the corresponding
aminomalonate diester 16 , but the products obtained by this
method are grossly contaminated by ethyl or methyl diazoacetate and have to be purified by repeated distillation
and recrystallization.

Similarly, diethyl diazomalonate

obtained 17 by the reaction of ethyl diazoacetate with
phosgene followed by addition of ethanol is contaminated
by chlorine-containing by-products •.

12

In 1964, Rosenberger and Yates 18 , while studying
the formation of diazoketones by reaction with tosylazide
in the presence of alkylamines, reported using the same
reaction to prepare diethyl diazomalonate [Eq. 6), which
they isolated as the ammonium bromide salt.

0° , 1 hr
( 6)

The following year, E. Ciganek 19 reported a "convenient"
synthesis of diethyl and dimethyl diazomalonate.

He prepared

the diethyl compound starting with commercially available
diethyl mesoxalate (IX)

[Eq. 7].

Et02 c...._

C-=-N2

Et0 2 C

/

( 7)

(IX)

When dimethyl mesoxalate is treated with hydrazine
under the conditions described for the diethyl analog,
mainly the hydrazine derivative (X), instead of the desired
hydrazone, is obtained.

13

H
I

N--

c

/

"

OH

OH
(X)

This, coupled with the fact that dimethyl mesoxalate
lS

unavailable commercially, led to the abandonment of

this approach in favor of one involving transesterification
of diethyl mesoxalate hydrazone with methanol and hydrochloric acid.

By this method dimethyl diazomalonate was

"conveniently" synthesized in less than twenty five percent yield.
In the early fall of 1967, this author was faced
with the task of preparing large quantities of dimethyl
diazomalonate for the reasons outlined above.
It seemed worthwhile to attempt the transfer reaction
of Rosenberger and Yates using tosyl azide.

However,

numerous attempts .at duplicating their results ended in
failure.

For example, after 20 hours at room temperature

and using diethylamine as base, the yields of diethyl and
dimethyl diazomalonate were 25% and 10% respectively.
Believing the method to have merit, however, other conditions
were tried.

It was found that·the use of benzene as solvent,

instead of ether, and with triethylamine as base, yields of

..

14

dimethyl diazomalonate ranging from 86 to 91% were realized
in two to three hours at room temperature.

These yields

are retained when scaled up to molar proportions.
The diazo transfer reaction with tosylazide is now
the accepted method of preparing diazo malonic esters 20 .
However, other workers generally use methylene chloride
or acetonitrile as solvent while employing piperidine
as base.

This method is longer and gives poorer yields

than the method employed here.
·Ciganek 19 attempted to prepare the adducts of benzene
with dicarboethoxy and dicarbomethoxycarbenes.

However,

he found these carbenes, whether generated by thermolysis
or photolysis, fail to add to benzene, but dimerize instead.
.
. .
Doer1ng
and Knox21 compared t h e react1v1ty
of

methylene, carbomethoxycarbene·and bis-carboethoxycarbene
toward the saturated carbon-hydrogen bond .
.

. .

Some of their

results are shown in Table I.
TABLE I
Relative Reactivities of Carbon-Hydrogen Bonds
Toward Carbenes

Hydrocarbon

1.2

[(CH3)2CH-]2
30/10

(CH3)3CH

[CH 3 CH 2 -]

:C(C0 2 Et) 2

Ratio

2

1.0

2. 9

12.5

3.1

21.0

2. 3

8.4

15

The serles of· carbenes,

: CH 2

,

:

CHC0 2 CH 3

,

:

C ( C0 2 C2 H5 )

react with carbon-hydrogen bonds with increasing discrimination in the sense 3°>2°>1°.

The presence of

carboalkoxy groups greatly decreases the reactivity of
the carbene.

This enhanced discrimination points to the

contribution of polar structures in the transition state.
Jones,_Kuleyzki, and Humme1 22 studied the addition
of bis-carbomethoxycarbene to olefins.
Irradiation of solutions of dimethyl diazomalonate
ln olefins leads to 1,1-dicarbomethoxycyclopropanes in
moderate yields.

In order to gain some measure of the

selectivity they reportedly irradiated dimethyl diazomalonate in pairs of olefins.

However, no results or

data concerning this appeared in their paper.
The relative rates of addition to various olefins of
bis-carbomethoxycarbene and several other carbenes are
shown in Table II.

2 ,

16

TABLE II
Relative Rates of Addition of Several Carbenes
to Olefins

Ole fins

:C(C0 2 CH 3 ) 2

:CHC02R

Cyclopentadienylidene

:CC1 2

2,3-dimethyl
-2-butene

0.88

1

1

2.3

2-methyl-2-butene

1

1

1

1

1-pentene

0.47

0.55
.62

cyclohexene

.002
.04

1.3

cis-4-methyl-2-pentene

0.55

•02

trans-4-methyl-2-pentene

0.23

. 01

The data indicate that bis-carbomethoxycarbene as well
as carboalkoxycarbene and cyclopentodienylidene is rather
more sensitive to steric effects than electronic.

The

addition still seemed to be electrophilic, but steric
factors were dominant.
C.

Dicyanocarbene
In 1965, Ciganek 23 , 24 reported the first synthesis of

dicyanodiazomethane by the lead tetraacetate oxidation of
carbonyl cyanide hydrazone [Eq. 8].

17

(NC) 2 CBr2

3H 2 NNH2

Pb(0Ac)4

Dicyanodiazomethane is a pale yellow crystalline solid,
milligram quantities of which melt at 75°.

Larger amounts

explode violently when heated to that temperature;

~n

addition, the compound has borderline sensitivity to static
electricity.

It also explodes when placed in contact with

concentrated acids.

However, no explosions were encountered

with solutions of dicyanodiazomethane.
In contrast with

dicarboalkoxycarbenes, thermolysis or

photolysis of dicyanodiazomethane in benzene gives 7,7dicyanonorcaradiene (XI) 23 which on heating rearranges to
phenylmalononitrile (XII) and 3,7-dicyanocycloheptatriene
(XIII)

[Eq. 9]25.

CN

(NC)2CH
CN

CNC)2C=N2

+

©

80°

)

-N2
XI

©

+

XII

CN
H

(XIII)

( 9)

Considerable effort has been expended in the search
for norcaradienes and substituted caradienes.

The only

comp9unds known exclusively or predominantly in the
norcaradiene form'are

I

I

7,7-dicyanor~aradiene 26 ,

its 1,4- and

18

26 , 7-cyano- 7 -carbamldonorcaradlene
.
.
26 ,
.
1 d erlVatlves
.
.
2, 5 -dlmethy

some norcaradienes containing a 3- atom bridge across the
1,6- position, notably; the anhydride (XIV) prepared by
Eschenmoser 27 and the hydrocarbon (XV) described by Voge1 28 ,
2g .
.
.
an d some 3,4-dlaza
ana 1 ogs ( XVI) prepare d b y Maler

0

D.

(XVI)

(XV)

(XIV)

Norcaranes and Norcarones
During the course of terpene research Baeyer

30

prepared

the dicyclic ketone carone (XVII).

3,7,7-trimethyl-2-norcarone
(XVII)
. ld steln
. 31 success f u 11 y preIn 1914 Semmler and F le
pared the hydrocarbon analog carane

(XVIII) by the Wolff

reduction of carone.

3,7,7-trimethylnorcarane

(XVIII)
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Until the separation of the two hydrocarbons

~3-

~ 4 -carene from the essential oils obtained from P.

folia and A.

and

longi-

jwarancusa, these were the only known sub-

stances of the terpene group possessing this dicyclic
structure 32 •
In view of the probable wide occurrence of the basic
norcarane structure (XIX) in nature, interest in this
area begin to appear in the literature.

(XIX)
bicycle [4.1.0.]-heptane
(Norcarane)
Norcaranes are generally synthesized by the addition of
carbenes to cyclohexenes

33 34 35 36
'
'
'
•

These additions are

stereospecifically cis.
In 1961, Stork and Ficini 37 reported the first
synthesis of 2-norcarone (XX) by two independent methods
[Eq.

lOa ,b] •
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Since this initial report 2-norcaranones have been
. d ln
. a varlety
.
syn th eslze
of ways 38
The compound 3norcaranone lS unreported in the literature.
E.

Bullvalenes
Doering and Roth 2 discovered that 3,4-homotropilidene

(III) was undergoing a rapid reversible "degenerate" Cope
rearrangement, i.e., a rearrangement in which the starting
mater~al

and final product are identical.

Doering postulated that an extreme example of this
rearrangement would occur with a then hypothetical compound
colloquially named "bullvalene"

[see structure I].

He

predicted a single peak in the n.m.r. of this compound.
However, the most surprising property of this then hypothetical
molecule was not so much the prediction of only one n.m.r
band, but rather the fact that all its C-H units can be
interchanged.

With ten carbon atoms, there are more than

1.2 million combinations that form bullvalene.

The most

unusual property of this molecule is that each of the
skeletal arrangements can be transferred into any other
equivalent one by various combinations of Cope rearrangements.

If bullvalene had only a single hydrogen band in

the n.m.r., it followed that all the 1.2 million possible
arrangements would appear simultaneously.

The carbon

atoms would not remain bound to each other in a fixed
arrangement, but would move statis~ically on a spherical
potential energy surface.

Despite this extreme fluctuation,
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t h e structure of bullvalene would not change 39
The first synthesis of bullvalene was accompolished
by

Schr~der

by photolysis of one of the dimers of cycle-

octatetraene 40 .

..

Schroder found only a single peak in its

n.m.r. spectrum at 100°C, confirming Doering's predictions.
Bullvalene and derivatives have now been synthesized
by Other Workers 41,42,43 an d

"d era bl e ~nterest
.
.
~n

cons~

bullvalene chemistry has developed over the past few
years.

Reviews of bullvalene and its properties and
derivatives have now appeared 44 ' 45 .
F.

Cyclopropanes as Acceptors in the Michael Reaction
A few cyclopropane derivatives have been observed to

participate in the Michael condensation.

In the reaction

of ethyl-1-cyanocyclopropane-1-carboxylate (XXI) with both
et h yl cyanoacetate 46 and
occurs 47

.

d~et

h y 1 rna 1 onate 4 7 ,

.

r~ng

.

.

sc~sslon

The intermediates (XXII) and (XXIII) cyclize

to the corresponding cyclopentanoneimine derivatives (XXIV)
and (XXV) subsequent elimination of the cyano and the second
carboethyoxy group, respectively, led to diethyl cyclopentanone-2,5-dicarboxylate (XXVI) in yields up to 70%
[Scheme I].
In the analogous reaction between diethyl malonate
and

diethyl cyclopropane-1,1-dicarboxylate, the same

cyclopentanone derivative (XXIV) formed via tetraethyl
butane-1,1,4,4-tetracarboxylate, can be isolated in 63%
yield 48 •

The similarity between a double bond and a
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Scheme I

CN

(XXI)

CH(C0 2 Et) 2

HI(CN)C02Et

I

CH 2

CH 2

CH2CH(CN)C02Et

!H 2 CH(CN)C0 2 Et

I

(XXIII)

(XXII)

1

1

NH

NH

(XXV)

(XXIV)

(XXVI)

......

·
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cyclopropane ring lS further supported by other evidence 49 ,
particularly by experiments showing that the enolate of
diethyl malonate undergoes a Michael reaction with diethyl2-vinyl-cyclopropane-l,l-dicarboxylate (XXVII) to give
diethyl-4-vinylcyclopentanone-1,3-dicarboxylate (XXVIII)
in 60% yield [Eq. 11] 48 .

The reaction appears ln part to follow Scheme I, but
addition also takes place at the ends of the conjugated
system.
A similar study has been made 50 of the reaction of
ethyl cyanoacetate with ethyl-1-cyano-2-vinylcyclopropane1-carboxylate.

The product, synthesized in 30% yield, was

a mixture .af the two cyclopentone derivatives (XXIX) and
(XXX) .
CN
=NH

=NH

'-.....C0

C0 2 Et
(XXIX)

(XXX)

2 Et
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G.

Angular Alkylations
One of the major problems 1n the total synthesis of

the terpenes and steroids is the sterospecific introduction
of angular methyl groups or other carbon-substituents.
Reactions used or attempted 1n earlier work, such as
alkylation with alkylhalides 51 and conjugate addition of
Grignard reagents

52 53

'

have been proven to be relatively

unsatisfactory because of their high sensitivity to steric
hindrance,

giving predominantly an undesired cis-product.

Most early successful work was based on the elaboration of
a methylcyclohexanone v1a the Robinson annelation 54 or
55 .
.
.
var1ous
mo d'f'
1 1cat1ons
.

Marshall and

Fant~

56

However, as po1nte
.
d out b y

, this method is often plagued by low

yields and impure products.

Some versatility is also

lost in that one must always engage in annelating a new
ring, rather than being able to introduce a methyl group
to a suitably fused, preformed array.
.
Nagata et.al. 57 ' 58 ' 59 1ntroduced
an improved hydro-

cyanation reaction

.
chloride.

using potassium cyanide and ammonium

'

They later found alkylaluminum compounds to

60
.
give superior results as co-reagents for h ydrocyanat1on

It has been observed that cyclopropane rings could
61 62 63
be opened smoothly to give angular methyl groups
'
'
.
For example, Birch, Brown and Subba Rao 62 utilized
the following sequence [Eq. 12] to introduce a 10 S-methyl
group as part of a total synthesis of a non-aromatic steroid.
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(1)

MeO

:CBr 2

(2) TosOH

OMe

Acetone

0

e e

...c

~

::J:::

0

("\

iFf"\

~

,.:X:

>-

:x;

--

0

Me
(1)

To sOH

( 2)

HCl,CHClv

0

(12)

The observations above plus the fact that in the
Simmons-smith reaction 64 certain polar groups may direct
formation of the cyclopropyl ring cis to themselves 65 led
Sims 66 to investigate a synthetic sequence involving a
stereospecifically formed cyclopropane ring and its
subsequent selective opening to produce an angularmethyl
group.

He chose

to (XXXIII) ,

to investigate the conversion of (XXXI)

[Eq. 13] •
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H

OH

(1) Li,NH3
)

(XXXI)

Me

0

(XXXIII)

(13)

He also used a similar process to convert (XXXIV) to (XXXV),
[Eq.

14].

Me
HCl-AcOH

(XXXIV)

(XXXV)

(14)
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RESULTS AND CONCLUSIONS
A number of anisoles were prepared from the
corresponding phenols as shown by [Eq. 15] and are listed
in Table III.
TABLE III
Preparation of Anisoles from Phenols
anisole

b.p.

yield

4-tert-butyl-

215-216°

a

92%

3,4-dimethyl-

198-199° a
a
170-171°
a
207-209°
207° a

9 2 Qo

4-methyl2-tert-butyl2,3,5-trimethyl-

113°

2-tert-butyl-4-methyl2-methyl-5-isopropyl-

212-214°

4-ethyl-

193-195°

2-isopropyl-

184-185°

4-isopropyl-

190-191°

3-methyl-

171-172°

2-methyl-4-tert-butyl-

211-213°

(a)

(b)

-b.p./735 mm

89%
85%
87%

b

8 99o

a

93%

a

89%

a

87%

a

85%

a

88%

a

88%

b.p./20mm

During the formation of these anisoles it was found that
the use of p-dioxane-water as the solvent in place of water
afforded much improved yields,
substituents in the 2-position.

>

.....

esp~cially

when there were
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The Birch reduction has found widespread use ln
natural product chemistry, especially in the steroid
field.

However, its versatility and good yields appear

to wane when applied to the reduction of alkyl substituted
anisoles in these laboratories.

The reaction affords a

complex mixture in many instances and little or no products in others.

The yields are not reproducible to any

degree of precisionand the separation of the mixtures
into their separate components can not be done by distillation or other methods without a considerable amount
of effort and often not then.

Another problem arises from

the fact that in the presence of acid, base or sometimes
heat, an equilibrium isomerization between the a,B and
S,y-isomers usually occurs.

The method is useful however

for the syntheses of several cyclohexenones to some
degree that would be unavailable by other methods.

A

further study of the Birch reduction of simple anisoles
would be of considerable value to future work in these
laboratories.

Although this problem must be surmounted

if the proposed route to terpenes and terpenoids (Chart I)
lS

to be of use,the problem is surely solvable.

Of more

immediate interest is the question of whether the norcaranes synthesized can serve as Michael acceptors.

We

therefore have not pursued this problem further.
Table IV

shows the anisoles that were reduced by

the method shown in [Eq. 15]

and the products that were

29

found to be present.
TABLE IV
Anisoles Reduced under Birch Reaction Conditions
Anisole

3,5-dimethyl-

Products
3,5-dimethyl-2-cyclohexen1-one

2-tert-butyl-

starting anisole only

3,4-dimethyl-

3,4-dimethyl-2-cyclohexen1-one

4-tert-butyl-

4-tert-butyl-2 and 3cyclohexen-1-one

2,6-dimethy1-

starting anisole only

2-methyl-4-tert-butyl-

2-methy1-4-tert-butyl-2 and
3-cyclohexen-1-one

3-methyl-

3-methyl-2-cyc1ohexen-l-one

2,3,5-trimethyl-

2,3,5-trimethyl-2cyclohexen-1-one

4-ethyl4-isopropyl-

Total
Yield

4-ethy1-2-and 3-cyc1ohexenl-one
4-isopropyl 2 and 3cyclohexen-1-one

a

0%

a

0%

<10%

b
c

c

<10%

b

c

(a)

yield unknown due to contamination by starting anisole
and a certain amount of the corresponding S,y-isomer.

(b)

estimated from the weak C=O frequencies in the infrared
spectrum, consisted mainly of starting anisole.

(c)

yield unknown due to contamination by starting anisole.
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Reaction of dimethyl diazomalonate with cyclohexene
in the presence of cu+ 2 gave the expected adduct in 40%
yield along with a goodly quantity of the carbene dimer.
These compounds were separated, purified and characterized.
However, repeated attempts of addition to 1-methyl and
1,2-dimethylcyclohexene ended in failure, presumably due
.
16 79
to ster~c factors
'
. The only product isolated in
both cases was the dimer.
The reaction of dimethyl diazomalonate with 3,5-dimethyl2-cyclohexene in the presence of cu+2 produced a white
crystalline solid that showed a strong C=O stretch in the
infrared spectrum, a singlet at T6.22 and a singlet at
T5.84 in a ratio of 5:1 respectively in the n.m.r. spectrum,
neither of these being a cyclopropyl hydrogen, and a m.p.
of 135-136° (16 to 17° higher than that of the dimer).
The ~tructure of ~his compound has not yet been determined.
The suggestion that this may have been the trimer mixed
with some of the dimer was discounted due to the fact that
attempts to prepare the trimer by decomposing dimethyl
diazomalonate alone or in the presence of the dimer resulted
in only the dimer being recovered.

Failure to form a

norcarone could have been due to a steric factor caused by

..

the presence of the methyl group at the site of unsaturation
or perhaps the carbonyl function itself plays some part in
the lack of addition.

Further studies should be carried

out using cyclohexenones with and without substituents
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on the unsaturated carbons.

It may prove of value to

attempt these reactions by ultraviolet photolysis as well
as catalytically and as 1,3 dipolar additions.
A smooth reaction between dimethyl diazomalonate and
1,3,5-cycloheptatriene in refluxing benzene with anhydrous
cupric sulfate as the catalyst afforded two white crystalline
solids.

The first showed a strong C=O band in the infrared

spectrum, a singlet at T6.22 and a singlet at T5.84, and
melted at 135-136°.

The infrared spectrum was almost

identical to that of the unknown compound formed by the
reaction between dimethyl diazomalonate and 3,5-dimethyl2-cyclohexen-l-one.

The n.m.r. spectrum was identical to

that of the unknown compound.
the same.

The melting points were

The structure of this compound has not yet been

determined.

The second solid had a m.p. of 150-151°,

showed a strong C=O band in the infrared spectrum and a
multiplet in the region centered at ca. T7.70, a doublet
at T6.29 (J=2.5 cps), and a singlet at T4.20 in the n.m.r.
The ultraviolet spectrum showed no absorption in the region
340-220

m~.

The compound appears to be 8,8-dicarbomethoxy-

3,4-homotropilidene (XXXVI) and its valence isomer (XXXVII).

H

0 2 CH3

H

(XXXVI)

(XXXVII)
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It is interesting that the degenerate Cope rearrangement
(see above) appears to occur at such a rate that it is
possible to observe both forms.
the n.m.r. of this compound

Futher investigation of

ls currently in progress.

The following ?-substituted tropilidenes were prepared
as shown by [Eq. l9(a) (b) and (c)].

DMF, 2 days, 25°

N~
0

DMF, 2 5° , 2 days
0

©:>""
II

K$

0

N¢©
0

0

Py , 2 5° , 2 days
(19)
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Pyridine was used as solvent in all reactions of this
type when the nitrogen function was present as the amlne
form in order to complex the perchloric acid which would
be formed.· Repeated attempts at reaction between the
7-aza-substituted tropilidenes and dimethyl diazomalonate
or di-tert-butyl diazomalonate using several different
catalysts and solvents were unsuccessful.

This was not

due to failure of the carbenes to attack the tropilidenes
but failure of the diazo compounds to decompose in their
presence.

The cause of this behavior is unclear.

Perhaps

the catalyst was being complexed by the presence of the
nitrogen function.

However, changing the amount of

catalyst present did not alter the situation.

Attempted

reactions by ultraviolet irradiation through a pyrex or
vycor filter were also unsuccessful.

Decomposition of

the diazo compounds were noted only in the absence of any
filter but the products were always unresolvable tars,
probably due to the energy of the photons in the absence
of any filters.

Further studies of these attempted

reactions might be carried out without the use of a filter
but utilizing a proper sensitizer.

The nitrogen substituted

tropilidenes were used because treatment with hydrazine
after carbene addition should degrade the nitrogen moieties
to the primary amines.
The knowledge that an equilibrium exists to some
extent between ?-substituted tropilidene and a 7-substituted

34

norcaradiene when the substituent is highly electron withdrawing was used in the search for promising pathways to
azabullvalenes and semiazabullvalenes.

A Diels-Alder

reaction between maleic anhydride and the norcaradiene
structures of N-tropyl phthalimide and N-tropyl succinimide
was successfully carried out as shown by [Eq. 20 and 21].

/.0

.....lo

O<N~
II

Qo
0

4>-H, reflux
2 days

0

1

0

N¢©
0

0

H

(J
0

()X b -4>- -H-~ -r-?-:-~-u-x- .,
cf

2 days

(21)
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A continued investigation of these and similar adducts
as intermediates in the syntheses of azabullvalenes and
semiazabullvalenes
laboratories.

~s

currently underway in these

Due to the reported explosive hazard in

handling dicyanodiazomethane no attempt at preparation
or reactions of this compound was undertaken.

Further

research will probably include the above problem.
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EXPERIMENTAL
Boiling points and melting points are glven in degrees
centigrade and are uncorrected unless so stated.

Spectra

were determined on a Varian A-56/60 nuclear magnetic
resonance (n.m.r) spectrometer using tetramethylsilane as an
internal standard, a Perkin-Elmer 137 Infracord Spectrophotometer using a polystyrene film as a reference standard,
and a Beckmann DK2A Ultraviolet Spectrophotometer employing
99.5% ethanol as solvent.
Part I.

Starting Materials and Substrates

P-Toluenesulfonyl Azide
P-toluenesulfonyl azide was prepared by the method of
Doering and DePuy67.

To

a mixture of 170g (0.892 mole) of

p-toluenesulfonyl chloride in 1 liter of 95% ethanol was
added a solution of 70g (1.08 mole) of sodium azide in
200 ml of water.

The resulting mixture was stirred 2 hours

at room temperature and poured into 6 liters of water.
oily azide settled out upon standing overnight.

The

After

deca·nting the aqueous layer the azide was washed 3 times
with water, once with saturated sodium chloride and dried
over sodium sulfate to yield 145-150g (83-86%) of colorless
oily azide which was used without further purification.
The reported yield is 82%.

The infrared spectrum (neat)

showed bands at 2110 (s) (N 3 ), 1352 (s), and 1170 (s,b)
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cm- 1 among others; the n.m.r spectrum (CC1 4

)

had a singlet

at T7.55, a doublet at T2.64 (J=8 cps) (H's ortho to the
methoxy group) and a doublet at T2.22 (J=8 cps).
Dimethyl Diazomalonate
A solution of 132g (0.67 mole) of p-toluenesulfonyl
azide, 7lg (0.70 mole) of triethylamine (which had been
stored over potassium hydroxide pellets), and 93g (0.70
mole) of dimethyl malonate in 600 ml of dry benzene was
stirred 3 hours at room temperature at which time a white
solid precipitated.

The mixture was let stand overnight

and the solid was filtered and washed with 100 ml of cold
benzene.

The combined yellow benzene solutions were

concentrated in vacuo (water) at room temperature and
200 ml of cold hexane was added to precipitate the remaining
solid.

This was made into a paste by adding a few milli-

liters of ethanol.

Addition of hexane gave white fluffy

crystals of p-toluenesulfonamide, m.p. 137-137.5°.
The benzene-hexane solution was evaporated (aspirator)
at room temperature to leave a yellow oil which furnished
96.6g (91%) of clear yellow oily dimethyl diazomalonate
b.p. 54-56°/.2 mm (lit. b.p. 63°/l mm)68.

The infrared

spectrum (neat) showed bands at 2130 (s) C=Nz, 1755 (s,b)
C=O, 1695 {s) C=N, 1335 {s,b), and 1100 {s,b) cm- 1
n.m.r.

{CC1 4

)

showed a singlet at T6.21.

•

The
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Di-Tert-Butyl Malonate
Di-tert-butyl malonate was prepared by the method of
Korst 69 .

A mixture of dry ethyl ether and 10 ml of

concentrated sulfuric acid were placed in a 24 ounce

g~nger

ale bottle, corked and placed in the freezer to cool.

After

cooling to -5° the bottle was opened and lOOg (0.96 mole)
of malonic acid and 240 ml (3.0 mole) of isobutylene,
(also at -5°) were added.

The bottle was then recapped and

let stand in the hood for 2 weeks at room temperature until
all the malonic acid was dissolved.

The bottle and contents

were poured with stirring into a 3 liter beaker containing
150g of sodium hydroxide in 500 ml of water and 500g of
~ce.

The mixture was transferred to a separatory funnel

and the aqueous layer was drawn off and extracted twice
with ether.

The ether extracts were combined with the

organic layer, washed twice with water, twice with
saturated sodium carbonate and then with saturated sodium
chloride and dried over sodium carbonate.

The ether was

removed in vacuo (water) at room temperature and the crude
ester was distilled from alkali washed glassware to yield
117g (57%) of colorless di-tert-butyl malonate, b.p. 62(rep. 65-67°/l mm).

Korst reported 64% yield.

The infrared spectrum (neat) showed bands at 2940
(s) C-H, 1740 (s,b) C=O, and 1143 (s,b) cm-1 among others.
The n.m.r.

(CC1 4 ) showed a singlet at T8.55 (12H) and a

singlet at T6.94 (2H).
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Di-Tert-Butyl Diazomalonate
A solution of 54g (0.25 mole) of di-tert-butyl malonate,
25g (0.25 mole) of triethylamine and 48g (0.25 mole) of
p-toluenesulfonyl azide in 500 ml of dry benzene was stirred
at room temperature for 2 days until the p-toluenesulfonamide
precipitated.

The diazo compound was worked up as previously

described to yield GOg (98%) of yellow oily di-tert-butyl
diazomalonate, b.p. 63-37°/l mm.

Spectral data indicated,

however, that the material collected consisted of approximately a 1:1 mixture of diazo compound and unreacted
malonate.

The infrared spectrum (neat) showed bands at

2130 (s) C=N , 1740 (s,b) C=O, 1695 (m-s) C=N and 1333 (s)
cm- 1 among others.

The n.m.r. (CC1 4

)

showed a singlet at

T8.55 and a singlet at T8.52 whose relative areas were
approximately 1:1.

The former being associated with

unreacted malonate and the latter with its diazo analog.
l~Methylcyclohexanol

A Grignard reagent was prepared by adding a solution
of lOOg (0.70 mole) of methyl iodide

~n

200 ml of anhydrous

ether to 17g (0.70 mole) of dry shiny magnesium turnings
plus a crystal of iodine

~n

200 ml of anhydrous ether at

a rate just fast enough to maintain gentle refluxing.
After addition of methyl iodide was complete the mixture
was refluxed on a steam bath an additional hour followed
by cooling in an ice-bath.

A soluLion of 70g (0.71 mole)

of cyclohexanone in 200 ml of anhydrous ether was then
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added over a 2 hour period with stirring.

The contents

were poured into a beaker of ice and the complex was
destroyed with concentrated hydrochloric acid and water.
The organic layer was separated and the aqueous layer was
extracted twice with ether.

The combined organic layers

were washed with water, 5% sodium thiosulfate, again with
water and finally with saturated sodium chloride and dried
over sodium sulfate.

The ether was removed 1n vacuo

(water) at room temperature to leave behind 65g (81%) of
crude 1-methylcyclohexanol which had a very choking musty
odor.

The infrared spectrum (neat) showed bands at 3450

(s) 0-H, and 2900 (s) cm- 1

,

C-H.

A trace of unreacted

ketone was also noted by the presence of a band at 1710
(w) cm- 1

,

C=O.

1-Methylcyclohexene
Methylcyclohexene was prepared by the method of
~raynelis70.

A solution of 65g (0.55 mole) of 1-methy-

cyclohexanol 1n 260g (4.67 mole) of dimethyl sulfoxide
(DMSO) was stirred and refluxed for 10 hours at 150-180°.
A distilling head was attached and the water and alkene
were distilled from the reaction mixture and collected in
a flask surrounded by ice.

The distillate was poured into

100 ml of water in a separatory funnel and extracted with
three 100 ml portions of 30-60° petroleum ether.

The

combined ether extracts were washed with water, saturated
sodium chloride and dried over sodium sulfate.

The
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petroleum ether was removed by distillation and the
remaining fraction was distilled through a column packed
with helices to give 40g (76%) of colorless 1-methylcycl.ohexene, b.p.·l07-108°/730 mm.

The reported b.p. and

yield were 110°/760 mm and 75%, respectively.

The infrared

spectrum (neat) showed bands at 2970 (m) vinyl H, 2869
(s,b) C-H, 1440 (s) -CH 2 - , and 918 (m-s) cm-1, C-H vinyl
bend, among others.
1,2-Dimethylcyclohexanol
The i;2-dimethylcyclohexanol was prepared by the same
method described above for the preparation of 1-methylcyclohexanol.

From lOOg (0.89 mole) of 2-methylcyclo-

hexanone was obtained 80g of colorless liquid possessing
a very musty odor.

The infrared spectrum showed bands at

3450 (s) 0-H, 2860 (s) C-H and 1712 (s) cm- 1
others.

,

C=O, among

The latter band showed the alcohol to contain

considerable unreacted ketone.
1,2-Dimethylcyclohexene
(A)

From 1,2-Dimethylcyclohexanol and Dimethyl Sulfoxide
A solution of 23g of crude 1,2-dimethylcyclohexanol

~n

115g of dimethyl sulfoxide was refluxed with stirring

for 20 hours at 160-180°.

When the product was worked

up as described earlier for 1-methylcyclohexene only
starting materials were recovered as shown by infrared
spectra and the absence of any water formation or low

42

boiling
(B)

f~actions.

From 1,2-Dimethylcyclohexanol and Thionyl Chloride
To 23g of crude 1,2-dimethylcyclohexanol was slowly

added in small portions, 30g (18 ml) of thionyl chloride
(with shaking after each addition) followed by 1 ml of
dry pyridine.

The mixture was warmed on the steam bath

for 0.5 hours and let stand overnight.

Water (100 ml)

was added with caution and the aqueous-organic mixture
was extracted with 30-60° petroleum ether.

The organic

layer was separated, washed with water, saturated sodium
chloride and dried over sodium sulfate.

The petroleum

ether was removed by distillation and the remaining
liquid was distilled through a column filled with helices
to yield 7.2g of colorless 1,2-dimethylcyclohexene,
b.p. 134-136°/740 mm.

The infrared spectrum (neat) showed

bands at 2860 (s) C-H, 1420 (s) -CH 2 - , and 1350 (m) cm- 1
among others.
Bis-Copper (II) Acetyl Acetonate
To a stirred solution of 51g (0.3 mole) of cuprous
chloride dihydrate in 500 ml of water was added 70g (0.7
mole) of 2,4-pentandione.
begin to precipitate.

A dark blue solid immediately

The mixture was stirred for 0.5

hours at room temperature and the solid was filtered and
air dried.·

Recrystallization from chloroform gave 42.5g

(54%) of blue fluffy needles of bis-copper (II) acetyl
acetonate.

,
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N-Tropyl Isopropyl Carbamate
To a solution of lOg (0.05 mole) of tropylium
perchlorate (graciously supplied by two collegues; James
Ward and David Gibson) in 200 ml of dry pyridine was
added 5.2g (0.05 mole) of isopropyl carbamate.

The

solution was stoppered and stirred for 2 days at room
temperature.

The brown-red solution was poured into a

separatory funnel and 500 ml of methylene chloride was
added followed by 3 washings with water then with cold
2% hydrochloric acid until the washings were acidic to
pHydrion paper, again with water, then saturated sodium
chloride and dried over sodium sulfate.

Most of the

solvent was removed in vacuo (water) at room temperature
and the remaining solution placed in the freezer overnight.
The crystals were filtered and recrystallized twice from
hexane to yield 7.7g (80%) of white needles of N-tropyl
isopropyl carbamate, m.p. 61-62°.
spectrum (CHC1 3

)

The infrared

showed bands at 3317 (m) N-H, 2900 (m)

C-H, 1695 (s) C=O, and 1490 (s) cm- 1
n.m.r.

(CC1 4

)

,

among others.

The

showed a doublet centered at T8.80 (J=6 cps),

a doublet at T8.59 (J=6 cps), a multiplet at ca. T5.20,
a multiplet at ca. T4.52 and a multiplet at ca. T3.35.
Potassium Phthalimide
Potassium phthalimide was prepared by the method of
Salzberg and Supniewski71.

A mixture of 40g (0.27 mole)

of phthalimide and 800 ml of 99.5% ethanol was refluxed for
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15 minutes until the ethanol became saturated with
phthalimide.

The hot solution was decanted from undis-

solved phthalimide with stirring into a 2 liter beaker
containing 15.5g (0.27 mole) of potassium hydroxide dissolved in 30 ml of water and 90 ml of ethanol.

A tan

solid immediately began to precipitate and the beaker
was surrounded by ice to quickly cool the mixture to room
temperature.

The solid was filtered, washed with acetone

to remove unreacted phthalimide and finally with diethyl
ether and dried to yield 35g (70%) of pearly tan plates of
potassium phthalimide.

The reported yield is 80%.

N-Tropyl Phthalimide
A solution of lOg (0.05 mole) of tropylium perchlorate
and 9.3g (0.05 mole) of potassium phthalimide in 300 ml of
N,N-dimethylformamide was stirred at room temperature for
2 days at which time the initially orange solution had
turned green.

The solution was poured into 1 liter of ice

water and the resulting tan solid was filtered, dissolved
in a hot ethanol-chlorform solution, treated with activated
charcoal and the boiling solution was quickly filtered.
An equal, volume of hexane was ·added and the solution was
placed in.the freezer overnight.

The crystals were filtered

to yield lOg (85%) of white fluffly needles of N-tropyl
phthalimide m.p. 166-167°.

The infrared spectrum (CHC1 3 )

showed bands at 1790 (m) C=O, 1700·· (s) C=O, and 1380 (s)
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cm- 1 as the only major peaks.

The n.m.r.

(DCC1 3

)

showed

a triplet centered at T5.70 (J=S cps), a multiplet centered
at T4.45, a multiplet at T3.77, a triplet at T3.27 (J=3 cps)
and a doublet at T2.20.
Potassium Succinimide
A solution of 49.5g (0.5 mole) of succinimide in 400
ml of 99.5% ethanol was added with stirring to a solution
of 28g (0.5 mole) of potassium hydroxide in 10 ml of water
and 50 ml of ethanol.

Hexane (500 ml) was added and the

clear solution was placed in the freezer overnight.

The

colorless needles were filtered, washed with 50 ml of
acetone and dried to yield 67.5g (100%) of potassium
succinimide.
N-Tropyl Succinimide
A mixture of 28g (0.2 mole) of potassium succinimide
and 20g (0.1 mole) of tropylium perchlorate in 100 ml of
dimethoxyethane and 300 ml of N,N-dimethylformamide was
stirred at room temperature for 2 days.

The contents were

poured into 1.5 liters of water and the aqueous solution
was frozen solid by placing it in the freezer overnight.
The flask and contents were allowed to thaw to room
temperature.

The white solid was filtered, dissolved

~n

100 ml of ethanol and 400 ml of hexane was added and the
clear solution was placed

~n

the freezer for 3 hours.

The colorless plates were filtered and dried to yield llg
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(58%) of N-tropyl succinimide, m.p. 149-150°.

The infrared

spectrum (CHC13) showed bands at 1755 (w) C=O, 1685 (s)
C=O, 1400 (m), 1388 (m) and 1178 (m) em

1.

The n.m.r.

(DCC13) showed a singlet at T7.21, a triplet at T5.83
(J=5 cps), a multiplet centered at ca. T4.59, a multiplet
at ca. T3.77 and a triplet centered at T3.30 (J=3 cps).
Tert-Butyl Carbamate
Tert-butyl carbamate was prepared by the method of
Loev and Kormendy 72 .

To a slowly stirred suspension of

26g (0.4 mole) of sodium cyanate and 15g (0.2 mole) of
tert-butyl alcohol in 175 ml dry benzene was added rapidly
dropwise 48g (0.2 mole) of trifluoracetic acid.

A white

gummy solid soon formed and the stirring was stopped and
the mixture let stand overnight in the hood.

Enough

water was added to dissolve the solid and the benzene
layer was separated, the aqueous layer was extracted with
ether and the combined organic layers were washed with
water, saturated sodium chloride, and dried over sodium
sulfate.

The ether-benzene was removed in vacuo (water)

at room temperature and the white solid was recrystallized
from an ethanol-water mixture to give 20g (78%) of white
crystals of tert-butyl carbamate, m.p. 107-108° from
ethanol (rep. m.p. 107-108°).

The infrared spectrum

(CHC13) showed bands at 3350 (m) and 3335 (m) NH 2 , 1840 (w)
and 1720 (s,b) cm-1, C=O.

The n.m.r. (DCC1 3 ) showed a
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singlet at T8.49.

The amino hydrogens appeared as a small

hump at ca. T5.10.
N-Tropyl-Tert-Butyl Carbamate
A solution of lOg (0.05 mole) of tropylium perchlorate
and 5.85g (0.05 mole) of tert-butylcarbamate in 300 ml of
dry pyridine was stirred for 2 days at room temperature.
The dark brown solution was transferred to a separatory
funnel, 500 ml of methylene chloride was added and the
contents washed 3 times with water and then with 2%
hydrochloric acid until the washings were acidic to pHydrion
paper.

The organic layer was washed again with water,

then with saturated sodium chloride and dried over sodium
sulfate.

The methylene chloride was removed in vacuo

(water) at room temperature to leave behind less than
0.5g of a dark brown amorphous solid.

The failure to

isolate any product was believed to result from removal
of the tert-butyl group during the acid washings.
Diels-Alder Addition of Maleic Anhydride to N-Tropyl
Phthalimide
A solution of 34g (0.145 mole) of N-tropyl phthalimide
and ·30g (0.3 mole) of freshly sublimed maleic anhydride
in 500 ml of dry benzene was refluxed for 2 days.

The

contents were cooled to room temperature with the deposition
of colorless crystals.

The crystals were filtered, washed

with 25 ml of benzene and stoppered.

.....

·

The combined benzene
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solutions were refluxed for 2 more days.

A second crop of

crystals was collected as before and the mother-liquor was
frozen solid in the freezer.

Warming to room temperature

left behind a third crop of crystals.

The combined crops

of crystals were recrystallized from o-xylene to yield
30g (61%) of white crystals, m.p. 265° (dec.) of the
adduct.

The infrared spectrum (nujol) showed bands at

1853 (w) C=O, 1770 (m) C=O, 1710 (m-s)
cm-l C-0, among others.
compound no

n.m.r~

c-o,

and 1220 (w)

Due to the insolubility of this

data was obtained.

Diels-Alder Addition of Maleic Anhydride to N-Tropyl
Succinimide
A solution of 12g (0.064 mole) of N-tropyl succinimide
and 13g (0.127 mole) of freshly sublimed maleic anhydride
in 400 ml of dry benzene was refluxed for 2 days, cooled
to room temperature, filtered and the benzene solution
was refluxed for 2 more days.

Cooling to room temperature

gave another crop of crystals and after filtering and
freezing the benzene yielded a third crop of crystals.
Recrystallization from toluene afforded lO.lg (55%) of
white needles of adduct, m.p. 246-247°.

The infrared

spectrum (nujol) showed bands at 1850 (w) C=O, 1785 (m)
C=O, 1670 (m) C=O, and 930 (m) cm- 1

,

among others.

No

n.m.r. data was obtained due to a solubility problem.
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4-Tert-Butylanisole
P-tert-butylanisole and following anisoles were
prepared from the corresponding phenols in alkaline
solution using dimethyl sulfate as the alkylating agent 73 .
The procedure was modified to give much improved yields,
especially with 2-substituted phenols, by employing
p-dioxane-water as solvent ln place of water alone.
To a solution of lOOg (0.66 mole) of p-tert-butylphenol in 300 ml of p-dioxane was added, at room temperature
a solution of 28g. (0.67 mole) of sodium hydroxide in 200
ml of water.

The clear lime-green solution was surrounded

by an ice-bath and 88g (0.7 mole) of dimethyl sulfate was
added dropwise, with stirring, over a 20 minute period.
The ice-bath was removed and the contents were refluxed
for 0.5 hours, cooled to room ·temperature and transferred
to a separatory funnel.

Water (300 ml) was added and the

mixture was extracted with three 150 ml portions of ether.
The combined ether extracts were washed with water, several
times with 10% sodium hydroxide, again with water, saturated
sodium chloride and dried over sodium sulfate.

The ether

was removed in vacuo (water) at room temperature and the
remaining liquid was distilled through a column packed with
glass helices to give 96g (92%) of colorless sweet smelling
p-tert-butylanisole, b.p. 215-216°/735 mm.

The infrared

spectrum (neat) showed bands at 2900 (s), 1600 (s) and
1492 (s), c~c, 1235 (s) and 1087 (s) cm- 1 , C-0, among others.
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The n.m.r. spectrum (CC1 4 ) showed a singlet at T8.73 (9H),
a singlet at T6.38 (3H), a doublet centered at T3.30 (H's
ortho to methoxy group) and a doublet at T2.80.
3,4-Dimethylanisole
To a clear light yellow solution of 82g (0.67 mole)
of

3,4-dimethylpheno~

28g (0.67 mole) of sodium hydroxide

in 200 ml of p-dioxane and 300 ml of water at 0-5° was
added 88g (0.7 mole) of dimethyl sulfate over a 20 minute
period with stirring.

The ice-bath was removed and the

contents were refluxed for 0.5 hours, cooled to room
temperature and worked up as described previously to yield
93g (92%) of colorless very sweet-smelling 3,4-dimethylanisole, b.p. 198-199°/735 mm.

The infrared spectrum

(neat) showed bands at 2860 (s), 1600 (s), 1490 (s),
1440 (s), 1240 (s) and 1042 (s) cm- 1

,

among others.

The

n.m.r. spectrum (CC1 4 ) showed a singlet at T7.88 (6H),
a singlet at T6.40 (3H), a doublet at T3.50 (aromatic H
in the 6-position), a singlet at T3.43 (aromatic H in the
2-position) and a doublet at T3.10.
4-Methylanisole
To a solution of l22g (1.0 mole) of 4-methylphenol
and 40g (1.0 mole) of sodium hydroxide in 300 ml of
p-dioxane and·500 ml of water at 0° was added with stirring
126g (1.0 mole) of dimethyl sulfat.e.

The contents were

then refluxed 0.5 hours, cooled to room temperature and
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worked up as described previously to yield 109g (89%)
of colorless

4-methylanisole, b.p. 170-171°/735 mm.

The infrared spectrum (neat) showed the typical bands at
2895 (s), 1495 (s), 1235 (s) and 1087 (s) cm-1, among
others.

The n.m.r. spectrum (CC1 4

)

showed a singlet at

T7.80 (3H), a singlet at T6.40 Cmethoxy H's), a doublet
at T3.38 (H's ortho to the methoxy group) and a doublet
at T3.07.
2-Tert-Butylanisole
A solution of 75g (0.5 mole) of 2-tert-butylphenol
and 20g (0.5 moles) of sodium hydroxide in 400 ml of
p-dioxane and 100 ml of water was refluxed for 15 minutes,
cooled to 0-5° and 70g (0.56 mole) of dimethyl sulfate
was added with stirring over a 20 minute period.

The

dark solution was refluxed (1 hour) until it turned light
orange, cobled to room temperature and worked up as
described earlier with the exception that the ether
extracts were washed with 25% sodium hydroxide.

All of

the following 2-substituted anisoles were treated in this
manner during workup.

Distillation afforded 90g (85%)

of colorless 2-tert-butylanisole, b.p. 207-209°/735 mm.
The infrared spectrum (neat) showed bands at 3500 (very
weak ) , 0- H , 2 9 0 0 ( s ) , 15 8 5 ( m) , 15 6 5 ( m) and 14 6 0 ( s ) ,
c~c,

and 1225 (s) and 1025 (s) cm-1, C-0, among others.

The n.m.r. spectrum (CC14) showed·a singlet at T8.63 (9H),
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and a singlet at T6.28 (3H).

The aromatic hydrogen were

assigned the following shifts:

T3.29 (H in the 6-position),

T2.95 (H 1n the 4-position), T2.84 (H 1n the 3-position)
and T2.80.
2,3,5-Trimethylanisole
To a dark orange solution of 9lg (0.67 mole) of 2,3,
5-trimethylphenol and 28g (0.67 mole) of sodium hydroxide
in 200 ml of p-dioxane and 200 ml of water at 0-5° was
added with stirring 88g (0.7 mole) of dimethyl sulfate
over a 20 minute period.

The contents were then refluxed

for 0.5 hours, cooled to room temperature and worked up
as described earlier for 2-substituted anisoles to yield
93g (87%) of colorless 2,3,5-trimethylanisole, b.p.
207°/735 mm.

The infrared spectrum (neat) showed typical

bands at 2870 (s), 1615 (s), 1575 (s), 1480 (s), 1265 (s)
and 1110 (s) cm-1, among others.

The n.m.r. spectrum

(CC1 4 ) showed a singlet at T7.95 (3H), a singlet at T7.88
(3H), a singlet at T7.79 (3H), a singlet at T6.38 (methoxyl
H's), a singlet at T3.62 (H ortho to the methoxy group)
and a singlet at T3.54.
2-Tert-Butyl-4-Methylanisole
A solution of llOg (0.67 mole) of 2-tert-butyl-4methylphenol and 28g (0.67 mole) of sodium hydroxide in
400 ml of p-dioxane and 100 ml of water was refluxed for
15 minutes, cooled to 0-5° and 88g (0.7 mole) of dimethyl
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sulfate was· added, with stirring, over a 20 minute period.
The solution was refluxed for 1 hour, cooled to room
temperature and worked up as described previously to yield
106g (89%) of colorless 2-tert-butyl-4-methylanisole, b.p.
113°/20 mm.

The infrared spectrum (neat) showed typical

bands at 2870 (s), 1615 (s), 1570 (s), 1485 (s) and 1260 (s)
cm- 1 , among others.
2-Methyl-5-Isopropylanisole
To a stirred solution of '100g (0.67 mole) of 2-methyl5-isopropylphenol and 28g (0.67 mole) of sodium hydroxide
in 400 ml of p-dioxane and 200 ml of water at 0-5° was
added 88g (0.7 mole) of dimethyl sulfate over a 20 minute
period.

The solution was refluxed for 1 hour, cooled to

room temperature and worked up as previously described to
yield 102g (93%) of colorless 2-methyl-5-isopropylanisole,
b.p. 212-214°/735 mm.

The infrared spectrum (neat) showed

typical bands at 2940 (s), 1615 (s), 1450 (s), 1250 (s)
and 1012 (m) cm-1.

The n.m.r. spectrum (CC14) showed

that this was actually a mixture of isomeric anisoles and
for that reason no data is reported.
4-Ethylanisole
To a solution.of 82g (0.67 mole) of 4-ethylphenol and
28g· (0.67 mole) of sodium hydroxide in 300 ml of p-dioxane
and 300 ml of water, at 0-5°, was added with stirring 88g
(0.7 mole) of dimethyl sulfate over a 20 minute period.
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The solution was refluxed for 0.5 hours, cooled to room
temperature and worked up in the usual manner to yield
82g (89%) of colorless 4-ethylanisole having the odor of
licorice, b.p. 193-195°/735 mm.

The infrared spectrum

(neat) showed the typical bands at 2960 (s), 1600 (s),
1493 (s), 1235 (s) and 1030 (s) cm- 1 .

The n.m.r. spectrum

(CC1 4 ) showed a triplet centered at T8.82 (3H) (J=7.5 cps),
a quartet centered at T7.45 (2H) (J=7.5 cps) and a singlet
at T6.38 (methoxyl H's).

The aromatic protons were

assigned the following shifts:

T3.32 (H's ortho to the

methoxy group) and T3.01.
2-Isopropylanisole
To a solution of 12lg (0.89 mole) of 2-isopropylphenol
and 36g (0.9 mole) of sodium hydroxide in 400 ml of pdioxane and 200 ml of water at 0-5° was added with stirring
114g (0.9 mole) of dimethyl sulfate over a 20 minute period.
The solution was refluxed for 1 hour, cooled to room
temperature and worked up in the usual manner to yield
117g (87%) of colorless 2-isopropylanisole, b.p. 184-185°/
735 mm.

The infrared spectrum (neat) showed the typical

bands at 2900 (s), 1585 (s), 1475 (s), 1227 (s), and 1020
(s) cm-1, among others.

The n.m.r. spectrum (CC1 4 ) showed

a doublet at T8.80 (6H) (J=7 cps), a septuplet at r6.69
(lH) (J=7 cps) and a singlet at T6.31 (methoxy H's).
aromatic protons were assigned

th~·following

shifts:

The
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T3.31 (H ln the 6-position),
T2.99

(H

T3.28 (H ln the 4-position),

ln the 3-position) and T2.86.

4-Isopropylanisole
To a solution of 74g (0.55 mole) of p-isopropylphenol
and 26g (0.6 mole) of sodium hydroxide in 250 ml of pdioxane and 250 ml of water at 0-5° was added with stirring
76g (0.6 mole) of dimethyl sulfate over a 15 minute period.
The solution was refluxed for 0.5 hours, cooled to room
temperature and worked up in the usual manner to yield
64g (85%) of colorless 4-isopropylanisole, b.p. 190-191°/
735 mm.

The infrared spectrum (neat) showed typical bands

at 2900 (s), 1600 (s), 1495 (s), 1235 (s) and 1030 (s) cm- 1

,

among others.
3-Methylanisole
To a stirred solution at 0-5° of 108g (1.0 mole) of
3-methylphenol and 40g (1.0 mole) of sodium hydroxide ln
300 ml of p-dioxane and 300 ml of water was added 130g
(1.03 mole) of dimethyl sulfate over a 20 minute period.
The solution was refluxed 0.5 hours, cooled to room
temperature and worked up in the prescribed manner to
give 107g (88%) of colorless 3-methylanisole, b.p. 171-172°/
735 mm.

The infrared spectrum (neat) showed typical bands

at 2900 (s), 1605 (s), 1490 (s), 1240 (s) and 1030 (s)

cm-1, among others.
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2-Methyl-4-Tert-Butylanisole
To a stirred solution at 0-5° of llOg (0.67 mole) of
2-methyl-4-tert-butylphenol and 28g (0.67 mole) of sodium
hydroxide in 400 ml of p-dioxane and 200 ml of water was
added 88g (0.7 mole) of dimethyl sulfate.

The solution

was refluxed for 1 hour, cooled to room temperature and
worked up as prescribed to give lOSg (88%) of colorless
2-methyl-4-tert-butylanisole, b.p. 211-213°/735 mm.

The

infrared spectrum (neat) showed the typical bands at
2900 (s), 1490 (s), 1240 (s) and 1020 (s) cm- 1
others.

,

among

The n.m.r. spectrum (CC1 4 ) showed a singlet at

T8.75 (9H), a singlet at T7.83 (3H) and a singlet at
T6.30 (methoxyl H's).

The aromatic proton assignments are;

T3.40 (H in the 6-position).

The 3 and 5-position H's

were buried in a multiplet in the range T3.05 to T2.85.
Part II.

Reduction and Hydrolysis of Anisoles to Give a

2

S and 8-y Unsaturated Cyclohexenones
Several anisoles were reduced to their dihydro
derivatives by a modified Birch reduction 74 utilizing
the following general method.
A solution of the anisole ln dry ethyl ether was
placed in a 3 liter 3-necked flask fitted with a stirrer,
a dropping funnel, an inlet tube, and a dry ice-acetone
condenser to which was attached a drying tube containing
calcium chloride and soda lime.

To this was added
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approximately 1 liter of liquid ammonia through the inlet
tube.

After the apparatus and contents had cooled to

liquid ammonia temperatures, lithium ribbon which
had been cut into 1 inch strips was added over a 15 to 20
minute period with stirring.
The resulting blue solutions were stirred for an
additional 20 to 30 minutes and then anhydrous ethanol was
added dropwise over a 15 to 30 minute period until the
blue color had disappeared.

The ammonia was then

evaporated and enough water was added to dissolve the
white solids which remained.

The aqueous solutions were

extracted with ether and the ether extracts were washed
with

wate~~

saturated sodium chloride and the ether removed

in vacuo (water).

The reduction products were then subjected

to acid hydrolysis, poured into water and extracted with
ether.

The ether extracts were washed with water, saturated

·sodium chloride and dried over sodium carbonate.

The ether

was removed in vacuo (water) and distillation afforded the
final products.
2,4-dinitrophenylhydrazones of the a,s-unsaturated
ketones were prepared by the method of Johnson

75

.

2.0g

of 2,4-dinitrophenylhydrazine was dissolved in 50 ml of 85%
phosphoric acid by heating, the solution was cooled and
50 ml of 95% ethanol was added, cooled again and clarified
by filtering to give a 0.1 molar solution.

Ten drops of

the ketone were added to 10 ml of the reagent in a test
I .
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tube followed by gentle warming until crystallization began.
The mixture was cooled, the crystals filtered and washed
with water, cold ethanol and recrystallized from ethanolhexane.
Reduction of 3,5-Dimethylanisole
To a stirred solution of SOg (0.37 mole) of 3,5dimethylanisole (City Chemicals) in 300 ml of dry ether and
1 liter of liquid ammonia was added 5.6g (0.8 mole) of
lithium.

The blue solution was stirred an additional 15

minutes and the contents were worked up ln the described
manner.
The reduction products were hydrolyzed by stirring
with 10% sulfuric acid for 3 hours at 50°.

Workup followed

by distillation afforded 30g of colorless product, :b.p.
90-91°/25 mm.

The infrared spectrum (neat) showed it to

consist mainly of 3,5-dimethyl-2-cyclohexen-1-one along
with some 3,5-dimethyl-3-cyclohexen-1-one and unreacted
anisole.

The following bands were present:

2900 (s)

C-H, 1710 (m) unconjugated C=O, 1655 (s) conjugated C=O,
1600 (m) C=C, 1585 (m-s) C-C, 1240 (w-m) C-0, 1070 (m-s)
cm-1, C-0, among others.

The ultraviolet spectrum showed

AEtOH 226 m~ for the conjugated isomer.
~X.

spectrum (CC1 4

)

The n.m.r.

was so complex due to at least three

components being present that no data is reported.

The

2,4-DNP derivative had a m.p. of i60-164° from ethanol-
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hexane (lit. m.p. 173°) 76 .

Repeated recrystallizations

did not raise the melting point presumably due to the
presence of two or more carbonyl isomer derivatives.
Reduction of 2-Tert-Butylanisole
To a stirred solution of 63.5g (0.34 mole) of 2-tertbutylanisole in 300 ml of dry ether and approximately
1 liter of liquid ammonia was added 4.9g (0.7 mole) of
lithium.

The blue solution was stirred an additional 0.5

hours and worked up in the usual manner.

The reduction

products were hydrolyzed by stirring with 10% methanolic
hydrochloric acid for 3 hours at 50°.

Workup followed

by distillation afforded 55g of colorless product, b.p.
55-57°/l mm whose infrared spectrum was identical to the
starting anisole.
Reduction of 3,4-Dimethylanisole
To a stirred solution of 59g (0.43 mole) of 3,4dimethylanisole in 300 ml of dry ether and 1 liter of
liquid ammonia was added 6.25g (0.9 mole) of lithium.

The

resulting blue solution was stirred for an additional 0.5
hours and worked up as described.

The reduction products

were hydrolyzed by stirring with 10% sulfuric acid for 3
hours at 50°.

Workup followed by distillation afforded

38g of colorless product, b.p. 92-93°/25 mm.
spectrum (neat) showed it to

consi~t

The infrared

mainly of 3,4-dimethyl-

2-cyclohexen-1-one as well as some 3,4-dimethyl-3-cyclohexen-
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l-one and starting anisole.
following frequencies:

Peaks were observed at the

2860 (s) C-H, 1710 (w-m) uncon-

jugated C=O, 1670 (s) conjugated C=O, 1250 (s) C-0, and
1050 (m) C-0, among others.

The n.m.r. spectrum (CC1 4 )

was too complex due to a mixture of components.
reason no data is reported.

For this

The ultraviolet spectrum

showed AEtOH at 228m~. The 2,4-DNP derivative had a
max
m.p. of i45-146° (lit. m.p. 149-150°) 77 from ethanol-hexane.
Reduction of 4-Tert-Butylanisole
To a stirred solution of 82g (0.5 mole) of 4-tertbutylanisole in 300 ml of dry ether and 1 liter of liquid
ammonia was added 7g (1.0 mole) of lithium.

The blue

solution was stirred for an additional 0.5 hours and
worked up as usual.

The reduction products were hydrolyzed

by stirring with 10% methanolic hydrochloric acid at 0-10
for 1 hour and then at 50° for 2 hours.

Workup followed

by distillation afforded 53g of colorless product, b.p.
59-61°/l mm.

The infrared spectrum (neat) showed it to

consist mainly of starting anisole.

Small approximately

equal amounts of 4-tert-butyl-2-cyclohexen-1-one and
4-tert-butyl-3-cyclohexen-1-one were also
following peaks were observed:

pr~sent.

The

2850 (s) C-H, 1700 (w-m)

unconjugated C=O, 1665 (w-m) conjugated C=O, 1495 (s)
c~c,

1235 (s) C-0, and 1033 (s) cm-1 C-0, among others.

The ultraviolet spectrum showed , AE~xOH
at 222m~.
rna

The
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n.m.r.

sp~ctrum

(CC1 4

)

was so complex due to at least 3

components in the final product that no data

lS

reported.

Reduction of 2,6-Dimethylanisole
To a stirred solution of 68g (0.5 mole) of 2,6dimethylanisole (City Chemical) in 300 ml of dry ether
and 1 liter of liquid ammonia was added 7g (1.0 mole)
of lithium.

The blue solution was stirred an additional

0.5 hours and worked up in the usual manner.

Hydrolysis

with 10% methanolic hydrochloric acid for 3 hours at 50°
followed by workup and distillation afforded 60g of
starting anisole as seen by identical infrared spectra.
Reduction of 2-Methyl-4-Tert-Butylanisole
To a stirred solution of 89g (0.5 mole) of 2-methyl4-tert-butylanisole in 300 ml of dry ether and 1 liter
of liquid ammonia was added 7g (1.0 mole) of lithium.
The blue solution was stirred an additional 0.5 hours
and worked up.

Hydrolysis with 10% methanolic hydrochloric

acid for 3 hours at 50° followed by workup and distillation
afforded 68g of colorless product,b.p. 104-106°/4 mm which
the infrared spectrum (neat) showed to consist mainly of
starting anisole with small approximately equal amounts of
2-methyl-4-tert-butyl-2-cyclohexen-1-one and 2-methyl-4tert-butyl-3-cyclohexen-1-one.
observed:

The following bands were

2860 (s) C-H, 1700 (w-m). unconjugated C=O,

1665 (w-m) conjugated C=O, and 1235 (m-s) cm- 1

,

C-0, among
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ultraviolet spectrum showed AEtOH at 223m~.
max
The n.m.r. spectrum (CC1 4 ) was so complex due to at least
others.

~he

3 components in the final product that no data is reported.
Reduction of 3-Methylanisole
To a stirred solution of 6lg (0.5 mole) of 3-methylanisole in 300 ml of dry ether and 1 liter of liquid
ammonia was added 7g (1.0 mole) of lithium.

The blue

solution was stirred for an additional 0.5 hours and
worked up.

Hydrolysis with 10% H2 S0 4 followed by workup

and distillation afforded 2lg of colorless product, b.p.
65-68°/4 mm which the infrared spectrum (neat) showed to
consist mainly of 3-methyl-2-cyclohexen-1-one and starting
anisole.

The following bands were observed:

2860 (m)

C-H, 1665 (s) conjugated C=O, and 1235 (m) cm- 1 C-0, among

Othe ~·~s.

The ultraviolet spec t rum showed AEtOH
max at 228m".
~

The n.m.r. spectrum (CC1 4 ) was too complex due to a mixture
of products.

No data is reported due to the above reason.

The 2,4-DNP derivative had a m.p. of 168-169° (lit. m.p.
175°) 77 from ethanol-hexane.
Reduction of 2,3,5-Trimethylanisole
To a stirred solution of 75g (0.5 mole) of 2,3,5trimethylanisole

i~

300 ml of dry ether and 1 liter of

liquid ammonia was added 7g (1.0 mole) of lithium.

The

resulting blue solution was stirred for an additional 0.5
hours and worked up.

Hydrolysis was accomplished by stirring
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with 10% methanolic hydrochloric acid for 3 hours at 50°.
Workup followed by distillation afforded 50g of colorless
product, b.p. 80-82°/4 mm.

The infrared spectrum (neat)

showed it to consist mainly of 2,3,5-trimethyl-2-cyclohexenl-one and starting anisole.
observed:

The following peaks were

2860 (s) C-H, 1665 (s) conjugated C=O, and 1235

(m) and 1020 (m) C-0, among others.

The ultraviolet

spectrum was inconclusive as no maxima was yet reached at
218m~.

The n.m.r. spectrum (CC1 4

)

was so complex due to

a mixture of products that no data is reported.
Reduction of

4-Ethylanisol~

To a stirred solution of 68g (0.5 mole) of 4-ethylanisole in 300 ml of dry ether and l liter of liquid
ammonia was added 7g (1.0 mole) of lithium.

The resulting

blue solution was stirred for an additional 20 minutes
and worked up.

Hydrolysis was accomplished by stirring

with 10% sulfuric acid at 50° for 3 hours.

Workup

followed by distillation afforded 40g of colorless product,
b.p. 88-90°/25 mm.

The infrared spectrum (neat) showed it

to consist mainly of starting anisole with small

approx~-

mately equal amounts of 4-ethyl-2-cyclohexen-1-one and
4-ethyl-3-cyclohexen-1-one.
observed:

The following bands were

2860 (s), 1710 (w), C=O, 1670 (w) C=O, and

1250 (s) and 1040 (s) cm- 1 C-0, among others.

The ultra-

violet spectrum (neat) showed AEtO~ at 223m~.
The n.m.r
max
spectrum (CC1 4 ) was so complex due to several components
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being present that no data 1s reported.
Reduction of 4-Isopropylanisole
To a stirred solution of SOg (0.33 mole) of 4-isopropylanisole in 300 ml 0f dry ether and 1 liter of liquid
ammonia was added 4.9g (0.7 mole) of lithium.

The resulting

blue solution was stirred for an additional 0.5 hours,
worked up and hydrolyzed with 10% sulfuric acid at 50° for
3 hours.

Workup and distillation afforded 27g of colorless

product, b.p. 80-83°/4 mm.

The infrared spectrum (neat)

showed it to consist mainly of an approximately equal
mixture of 4-isopropyl-2-cyclohexen-1-one and 4-isopropyl3-cyclohexen-1-one along with some starting anisole.
following bands were observed:

The

2860 (s), 1710 (s) C=O,

1665 (s) C=O, and 1235 (s) and 1035 (m) cm- 1 C-0, among
EtOH
others. The ultraviolet spectrum showed a Amax at 224m~.
The n.m.r. spectrum (CC1 4 ) was so complex due to several
components being present that no data is reported.
Part III.

Reactions Involving Carboalkoxy Carbenes

Reaction of Dimethyl Diazomalonate with Cyclohexene
A solution of 15.8g (0.1 mole) of dimethyl diazo-

malonate in 25 ml of dry benzene was added in small portions
over 20 minutes to a stirred refluxing mixture of 8.2g
(0.1 mole) of redistilled cyclohexene and 500 mg of
anhydrous cupric sulfate in 25 ml of dry benzene 12 .
2 hour induction period Was incurred before nitrogen

A

evolution became apparent.

The evolution of nitrogen

ceased after 3 hours and the hot mixture was quickly
filtered to remove the catalyst.

The benzene was removed

ln vacuo (water) at room temperature and a yellow solid
remained in the flask.

The solid was refluxed for 3 hours

in 100 ml of hexane, the hot yellow hexane solution was
filtered from undissolved solid and the hexane was removed
ln vacuo (water) at room temperature, a solid rema1n1ng
ln the flask.

The solid was recrystallized 3 times from

hexane to give 8.5g of white needles, m.p. 88.5-89°.
infrared spectrum (CHC1 3

)

The

showed bands at 3215 (w) cycle-

propyl C-H, 2900 (s) C-H, 1725 (s) C=O, and 1245 (s) cm- 1
C-o,. among others.

The n.m.r. spectrum (DCC1 3

)

showed a

broad hump at T8.78, a broad multiplet at T8.08 and a
singlet at T6.25 and at T6.15.

The compound was

assigned the structure 7,7-dicarbomethoxynorcarane on the
above evidence.

The yield was 40%.

The solid that did

not dissolve in the refluxing hexane was recrystallized 3
times from ethanol to give 7g of white needles, m.p.
119-120°.

The infrared spectrum (CHC1 3

)

showed bands at

2940 (w), 2860 (w), 1725 (s) C=O, 1425 (s), 1250 (s,b),
C-0, 1040 (m-s) and 1020 (m-s) cm-1 as the only major
peaks.

The n.m.r. spectrum (DCC1 3

T6.13.

On this basis the structure was assigned as that

)

showed a singlet at

of the dimer, 1,1,2,2-tetramethy1 ethylenetetracarboxylate
(lit. m.p. 119-120°) 7 8.
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Reaction of Dimethyl Diazomalonate with 1-Methylcyclohexene
1.

A solution of 7.9g (0.05 mole) of dimethyl diazo-

malonate in 15 ml of benzene was added in small portions
over a 20 minute period to a stirred refluxing mixture of
4.8g (0.05 mole) of 1-methylcyclohexene and 500 mg of
anhydrous cupric sulfate in 25 ml of benzene.

During

addition of the last portion of diazo compound a sudden
pressure change occurred with the consequence that water
from the bubble detector was drawn into the reaction
vessel.

The mixture was heated and stirred for 2 hours,

filtered and the benzene was removed in vacuo (water) at
50-60°.

The liquid which remained was distilled to give

7g of colorless product, b.p. 64°/.6 mm which had a very
rank odor.

The infrared spectrum (neat) showed bands at

3340 (s) 0-H, 2860 (m) C-H, 1724 (s) C=O, and 1020 (s)
cm-1, C-0, among others.

The n.m.r. spectrum (CC1 4

)

showed

a triplet at T8.13 (J=7 cps), a doublet at T6.60 (J=S.S
cps), a highly unsymmetrical doublet at T6.25 (J=S cps),
a multiplet at T5.75 and singlet at T5.33.
On the basis of the infrared spectra and the fact
that water was present in the reaction vessel the dompound
appeared to be dicarbomethoxycarbinol.

However, the n.m.r

spectra showed that this was not the total structure.

The

structure of this compound is unknown.
2.

A solution of 7.9g (0.05 mole) of dimethyl diazo-

malonate in 15 ml benzene was slowly added to a stirred
refluxing mixture of 4.8g (0.05 mole) of 1-methylcyclohexene
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and 500 mg of anhydrous cupric sulfate in 25 ml of benzene.
A trap was inserted to prevent water from being drawn back
into the reaction vessel and the mixture was stirred with
refluxing for 4 hours.

The hot mixture as quickly filtered

to remove the catalyst and the benzene was removed in vacuo
(water) at 50-60° to leave a yellow solid.

The solid was

recrystallized from ethanol to give white needles, m.p.
119-120°.

The infrared spectrum (CHC1 3

)

was identical to

that of the dimer.
3.

A solution of 7.9g (0.05 mole) of dirnethyldiazo-

malonate in 15 ml of toluene was slowly added to a stirred
refluxing mixture of 4.8g (0.05 mole) of 1-rnethylcyclohexene and 500 mg of anhydrous cupric sulfate and treated
and worked up as described above.

Again only dimer and

starting materials were isolated.
4.

Another run was made using the same starting

materials in the same amounts and following the procedure
outlined above with the exception that cyclohexane was
used as solvent.

Again only dimer and starting materials

were isolated.
Reaction of Dimethyl Diazomalonate with 1,2-Dimethylcyclohexene
A solution of 7.9g (0.05 mole) of dimethyl diazornalonate
in 15 ml of dry benzene was added to a stirred refluxing
mixture of 5.5g (0.05 mole) of

1,2~dirnethylcyclohexene

500 mg of anhydrous cupric sulfate in 25 ml of benzene.

and

I
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Nitrogen evolution began after 0.5 hours and ceased after
3 hours.

Workup of the mixture led to isolation of dimer

as the only new product and recovery of some starting
material
Reaction of Dimethyl Diazomalonate with 1,3,5-Cycloheptatriene
A solution of 7.9g (0.05 mole) of dimethyldiazomalonate
~n

15 ml of benzene was added in small portions to a stirred

refluxing mixture of 13.8g (0.15 mole) of redistilled 1,3,5cycloheptatriene (Baker)

and 500 mg of anhydrous cupric

sulfate in 50 ml of benzene.

A smooth evolution of

nitrogen began immediately and ceased after 3 hours.

The

hot mixture was quickly filtered to remove the catalyst
and the solution was evaporated in vacuo (water) at 50-70 °.
The amphorous solid was maintained at 35-40° overnight in
100 ml of ethanol, the yellow solution was filtered to
remove undissolved solid and the ethanol removed
(water) at room temperature.

~n

vacuo

The solid that was left

behind was recrystallized from ethanol to give 2g of
white needles, m.p. 135-136°.
(CHC1

3)

The infrared spectrum

showed bands at 2960 (w) C-H, 1725 (s) C=O, 1430

(m-s), 1285 (s,b) 1220 (m,b), 1165 (m-s), 1010 (w-m) and
878 (w) cm-J as the only ones.

The n.m.r. spectrum (DCC13)

showed a singlet at T6.22 and a singlet at T5.83.
had a relative ratio of 5:1, respectively.
violet spectrum showed no
220

~·

absorpt~on

These

The ultra-

in the range 340-

The structure of this compound has not been

G9

determined.
Recrystallization from ethanol-chloroform of thu solid
which was insoluble in warm ethanol ~ave 1.5~ of white
needles, m.p. 150-151°.

The infrared spectrum (Cl1Cl 3

)

showed bands at 2860 (w-m) C-H, 1710 (s) C=O, 1420 (s),
1310 (s) and a very broad band extending from 1250 to
1190 (s) cm- 1

,

among others.

The n.m.r. spectrum (DCC1 3

)

showed a multiplet centered

at T7.70, a singlet at T6.32, a singlet at TG.27 and a
at T4.20.

sin~let

These had a relative ratio of 2:3:3:1,

respectively.

The ultraviolet spectrum showed no absorption

in the region 340-220

m~.

Due to the n.m.r. spectrum, the

presence of the carbonyl functions in the infrared spectum
and the lack of absorption in the ultraviolet spectrum,
this compound appears to be 8,8-dicarbomethyoxy-3,4homotropilidene.
Reaction of Dimethyl Diazomalonate with 3,5-Dimethyl-2cyclohexen-1-one
A solution of 7.9g (0.05 mole) of dimethyl diazomalonate in 15 ml of benzene was added, in small portions
over a 1 hour period, to a stirred refluxing mixture of
6.15g (0.05 mole) of 3,5-dimethyl-2-cyclohexen-1-one and
500 mg of anhydrous cupric sulfate in 25 ml of benzene.
Nitrogen gas was evolved slowly for 4 hours.

The

greenish solution was then treated·to excess heat overnight and quickly filtered to remove the catalyst.

Dry
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ether (100 ml) was added and the flask was placed in a dry
ice-acetone bath.

A white solid precipitated which was

filtered and recrystallized from ethanol to give 2g of
white crystals,m.p. 136-137°.
(CHC1 3

)

The infrared spectrum

was identical to that of the unknown solid, m.p.

135-136° obtained from the reaction between dimethyl
diazomalonate and 1,3,5-cycloheptatriene.

The n.m.r.

spectrum (DCC1 3 ) showed a singlet at T6.22 and a singlet
at T5.83.

This spectrum was also identical to the n.m.r.

for the above unknown compound.
The ultraviolet spectrum showed no absorption in the
region 340-220

m~.

The structure of this compound has

not been determined.
Removal of the ether in vacuo (water) from the
remaining solution left only starting materials.
Reaction of Dimethyl Diazomalonate with N-Tropyl Isopropyl
Carbamate
A.

Thermolysis
1.

A solution of 2g (0.013 mole) of dimethyl diazo-

malonate in 5 ml of benzene was added in small portions
over a 15 minute period to a stirred refluxing mixture
of 6g (0.031 mole) of N-tropyl isopropyl carbamate and
500 mg of anhydrous cupric sulfate in 25 ml of benzene.
The system was swept with nitrogen gas prior to addition
of the d~azo compound.

No nitrogen evolution was apparent
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and the reaction was stopped after refluxing for 4 hours.
The warm mixture was quickly filtered to remove the catalyst
and concentrated in vacuo (water) at room temperature.

A

check with thin layer chromatography (TLC) using silicagel showed only starting materials to be present.

The

concentrated solution was stirred for 2 hours at 40-45°
with 50 ml of hexane, cooled and the hexane layer was
separated, the hexane removed in vacuo at room temperature
and the solid remaining was recrystallized from hexane.
The melting point and infrared spectrum were identical
with N-tropyl isopropyl carbamate.
2.

The above reaction was attempted again

us~ng

the amounts and conditions stated but with cyclohexane
as the solvent.

After refluxing for 3 hours the mixture

was filtered to remove the catalyst and the solution was
concentrated in vacuo at room temperature.

A check with

(TLC) using silica-gel showed only starting materials to
be present.
3.

The same reaction was attempted again using the

same conditions and amounts stated but with toluene as
the solvent.

After refluxing for 3 hours with no apparent

nitrogen evolution the mixture was filtered and concentrated in vacuo (water) at 60-70°.

A check with (TLC)

using silica-gel showed only starting materials to be
present.
4.

The same reaction was attempted again using the
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conditions and amounts stated but with o-xylene as the
solvent.

After refluxing for 3 hours followed by

filtration and concentration in vacuo (water) at 80-90°
a check with (TLC) using silica-gel showed only starting
materials to be present.
5.

The same reaction was carried out again using

the conditions and amounts stated with benzene as the
solvent and finely divided copper powder as the catalyst.
The mixture was refluxed for 3 hours, filtered and concentrated in vacuo (water) at room temperature.

A check

with (TLC) using silica-gel showed only starting materials
to be present.
6.

The reaction was attempted agaln using the

conditions and amounts stated with benzene as the solvent
and anhydrous cuprous chloride as the catalyst.

The

mixture was refluxed for 5 hours, filtered and concentrated
in vacuo (water) at room temperature.

(TLC) using silica-

gel showed only starting materials to be present.
B.

Photolysis
1.

A solution of 2g (0.013 mole) of dimethyl diazo-

malonate and 6g (0.031 mole) of N-tropyl isopropyl carbamate
in 500 ml of benzene was placed in an ultraviolet photolysis
reaction vessel which utilized a Hanovia 450 watt lamp as
the light source.

The system was flushed with nitrogen

gas and stirred magnetically.

Irr~diation

was conducted
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through a pyrex filter for 3 hours.

The solution was

concentrated in vacuo (water) at room temperature and
(TLC) using silica-gel showed only starting materials
to be present.
2.

The above reaction was attempted again using

the same apparatus, conditions and amounts stated but
us~ng

a vycor filter in place of pyrex.

Irradition

was conducted for 3 hours, the solution concentrated in
vacuo at room temperature and (TLC) using silica-gel
showed only starting materials to be present.
3.

The reaction was attempted again using the

same apparatus, conditions and amounts stated but without
the use of a filter.

Irradiation was conducted for 2

hours during which time the solution turned black.

The

benzene was removed in vacuo at room temperature to
leave behind a black polymeric unresolvable material
along with some starting material.
4.

The same reaction was attempted again using

the same apparatus, conditions and amounts stated but
with cyclohexane as the solvent.

Irradiation was

conducted through a pyrex filter for 3 hours.

The solution

was concentrated in vacuo (water) at room temperature
and (TLC) using
to be present.

silica~gel

showed only starting materials
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Reaction of Dimethyl Diazomalonate with N-Tropylphthalimide
A.

Thermolysis
1.

A solution of 2g (0.013 mole) of dimethyl diazo-

malonate in 10 ml of benzene was added ln small portions
over a 20 minute period to a stirred refluxing mixture of
6.2g (0.026 mole) of N-tropylphthalimide and 500 mg of
anhydrous cupric sulfate in 30 ml of benzene.
was refluxed overnight and filtered while hot.

The mixture
The

solution was concentrated in vacuo (water) at room
temperature and (TLC) using silica-gel showed only starting
materials to be present.
2.

The above reaction was attempted again uslng the

same conditions and amounts but with toluene as the solvent.
The mixture was refluxed for 5 hours, filtered while hot
and the solution was concentrated in vacuo (water) at
60-70°.

(TLC) using silica-gel showed only starting

materials to be present.
3.

The above reaction was attempted agaln uslng the

same conditions and amounts stated with benzene as the
solvent and finely divided copper powder as the catalyst.
The mixture was refluxed for 5 hours, filtered while hot,
and concentrated in vacuo (water) at room temperature.
(TLC) using silica-gel showed only starting materials to
be present.
4.

The above reaction was attempted again under the

same conditions and using the same amounts stated with
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benzene as the solvent and bis-copper (II)-acetyl acetonate
as the catalyst.

The mixture was refluxed for 5 hours,

filtered while hot and concentrated in vacuo (water) at
room temperature.

(TLC) using silica-gel showed only

starting materials to be present.
B.

Photolysis
1.

A solution of 2g (0.013 mole) of dimethyl diazo-

malonate and 6.2g (0.026 mole of N-tropylphthalimide in
500 ml of benzene was placed in the ultraviolet photolysis
vessel that was described previously.

The system was

flushed with nitrogen gas and stirred magnetically.
Irradiation was conducted for 3 hours through a pyrex
filter.

The solution was concentrated in vacuo (water)

and (TLC) using silica-gel showed only starting material
to be present.
2.

The above reaction was attempted again under the

same conditions and using the same apparatus and amounts
stated with irradiation being conducted for 3 hours
through a vycor filter in place of a pyrex filter.

The

solution was concentrated in vacuo (water) at room
temperature and (TLC) using silica-gel showed only
starting materials to be present.
3.

The above reaction was attempted again under

identical conditions using the same apparatus and amounts
stated

wi~~

the exception that the"irradiation was conducted

without the use of a filter during which time the solution
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turned dark brown.

The benzene was removed in vacuo (water)

at room temperature to leave a dark brown unresolvable
polymeric material along with some starting materials.
Reaction of Di-Tert-Butyl Diazomalonate with N-Tropylphthalimide
A.

Thermolysis
1.

A solution of 2.42g (0.01 mole) of di-tert-butyl

diazomalonate in 10 ml of benzene was added in small portions
over a 20 minute period to a stirred refluxing mixture of
4.75g (0.02 mole) of N-tropylphthalimide and 500 mg of
anhydrous cupric sulfate in 30 ml of benzene.
was refluxed for

~

The mixture

hours, filtered while hot and concen-

trated in vacuo (water) at room temperature.

(TLC) using

silica-gel showed only starting materials to be present.
2.

The above reaction was attempted aga1n using

the same method, conditions and amounts stated with the
exception that toluene was used as the solvent.

The

mixture was refluxed overnight, filtered while hot and

..

concentrated in vacuo at 70-80°.

(TLC) using silica-

gel showed only starting materials to be present.
B.

Photolysis
1.

A solution of 2.42g (0.01 mole) of di-tert-butyl

diazomalonate and 4.75g (0.02 mole) of N-tropylphthalimide
in 500 ml of benzene was placed in·the ultraviolet
photolysis vessel which has been described previously.
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The system was flushed with nitrogen gas and stirred
magnetically.

Irradiation was conducted through a pyrex

fliter for 3 hours.

The solution was concentrated in

vacuo (water) and (TLC) using silica-gel showed only
starting materials to be present.
2.

The above reaction was attempted again using the

described apparatus, amounts and conditions stated with
the exception that irradiation was conducted through a
vycor filter.

The solution turned an orange-brown and

for the first time nitrogen evolution was accomplished
for a short time.

The benzene was removed ln vacuo (water)

at room temperature to leave a black oil.
stirred with 50 m+ of hexane overnight.

This was
The yellow hexane

solution was separated and the hexane was removed in
vacuo (water) at room temperature to leave behind a yellow
solid which had a faint odor of pine oil.

(TLC) using

silica-gel showed a trace of a new compound along with
N-tropylphthalimide.

The solid was redissolved in 25 ml

of hexane and 3.5g of a light tan solid was precipitated

.

'

by freezing in a dry ice-acetone bath.
be N-tropylphthalimide.

This proved to

The hexane solution was evaporated

in vacuo (water) at room temperature to leave a minute
amount of a yellow unresolvable gum.
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ERRATA
Mass spectral studies performed by Dr. P. V.
Fennessey, Monsanto Company on the compounds obtained
from the decomposition of diazodimethyl malonate in the
presence of tropilidene (see page 31 and 68) indicate
that the structural assignments for the compounds having
MP

= 150-1°
The MP

and MP

= 136°

= 150-1°

lS

mono adduct as claimed.

are in error.

clearly a bis adduct and not a
The MP

=

136° compound is

clearly 1,1,2,2-tetracarbomethoxy ethane.

